It is well known that a short rest period during the regular stimulation of isolated cardiac muscle induces a transient increase of subsequent twitch tension, although the mechanism of postextrasystolic potentiation (PESP) is still unclear. This paper is concerned with the contribution of an extrasystole to the PESP using isolated papillary muscle of guinea pigs.
SUMMARY
It is well known that a short rest period during the regular stimulation of isolated cardiac muscle induces a transient increase of subsequent twitch tension, although the mechanism of postextrasystolic potentiation (PESP) is still unclear. This paper is concerned with the contribution of an extrasystole to the PESP using isolated papillary muscle of guinea pigs.
We have found that the length of the coupling interval of the extrastimulation prior to the rest interval affected the degree of PESP in a coupling interval-dependent way at the same rest period, and the PESP of the same coupling ratio increased and decreased as the rest period was prolonged. Theophylline increased the strength of steady-state twitch tensions, whereas the dependency of PESP on a coupling ratio of extrastimulation was removed and the PESP decreased with prolonged rest periods. The evidence suggests that the coupling ratio of extra-stimulation might vary the relative contributions of trans-sarcolemmal Ca influx and Ca release from the sarcoplasmic reticulum.
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Resting interval Theophylline Sarcoplasmic reticulum (SR) short rest period during the regular stimulation of isolated cardiac muscles causes a large transient augmentation of subsequent twitch tension (postrest potentiation; PRP1),2)). The intervention of extra-stimulation after cessation of the regular stimulation brings about a bigger potentiation of subsequent twitch tension (postextrasystolic potentiation; PESP3),4)) than that of postrest contraction (PRC) at the same rest interval. We have pre- PESP in the presence of theophylline. Data were analyzed statistically using a paired t-test.
RESULTS
At the same rest period the PESP following a short coupling interval is bigger than that following a longer one as shown in Fig.1 .
The maximum potentiation of subsequent twitch tension after an extra-stimulation was recognized at a resting interval of about 5sec at a basic cycle length of 1600 msec and about 7sec at 3200msec. The curve of the resting interval-potentiation relationship consisted of an ascending limb and a descending limb as shown in Fig.2 -A.
The potentiation by an extra-stimulation of early prematurity (coupling ratio; 500/1600) was more marked than that of very late prematurity (coupling ratio; 3199/3200). There was no difference between the pattern of the relationship curve obtained from developed tension and that from the first time derivatives (dT/dt and-dT/dt) in each condition of coupling interval and resting interval, although the degree of potentiation was different among developed tension, +dT/dt and-dT/dt.
In case of a very late coupling ratio, potentiation of both developed tension and the first time derivative was not remarkable in a longer basic cycle length. This was also the case of four additional papillary muscles. Statistical analysis was not performed since the times, at which the maximum PESP were obtained, Influence of resting interval of 2.8sec (A) and 4.8sec (B) on developed tension (T) and the first time derivative (dT/dt) of PESP in isolated papillary muscle driven at a basic cycle length of 1600msec. An extrastimulation (Ex) was imposed at coupling intervals of 500msec (A-1), 900 msec (B-1), 1300msec (A-2) and 1500msec (B-2). Upper graphs; % potentiation of developed tension (T) of PESP, lower graphs; % potentiation of dT/dt and-dT/dt, left graphs; at a basic cycle length of 1600msec, right graphs; at a basic cycle length of 3200 msec. Data were obtained from one fiber. An extra-stimulation of a coupling ratio over 0.99 was regarded as one of regular stimulation, therefore, this extra-stimulation was represented as no extrasystole. of 1600msec and 3200msec. Theophylline eliminated the potentiation of PESP. There was no difference in the decay of developed tension after an extra-contraction with increasing rest periods between the two conditions of prematurity.
Essentially the same results were obtained in 6 other preparations (Table I ). In the presence of 2mM theophylline, the maximum % potentiation was obtained at the shortest resting interval at both basic cycle lengths, and then % potentiation decreased gradually as the resting interval was increased, as can be seen from Table I . Effect of 2mM theophylline on the steady-state twitch tension and PESP. After the administration of theophylline the steady-state developed tension increased up to 2 times that of the basal level, whereas PESP decreased gradually to less than the twitch tension. The muscle was stimulated at a basic cycle length of 1600msec and an extra-stimulation was imposed at a coupling interval of 500msec (A). The same muscle was driven at a basic cycle length of 3200msec. Ex(+); a coupling ratio of 1000msec/ 3200msec, Ex(-); 3199msec/3200msec. Effect of 2mM theophylline on resting interval-developed tension relationship of PESP. Data were obtained from 1 muscle stimulated at basic cycle lengths of both 1600msec and 3200msec. Upper graphs; before the administration of theophylline, lower graphs; after 2mM theophylline. Ex(+) and Ex(-) are as in Fig.2 We conclude that the optimal resting time is determined by a balance between Ca shift in the SR and Ca extrusion, which was removed by theophylline, and the shorter the extra-beat, the greater is the dependency on Ca release from the SR.
